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Improvement of Mitral Valve Coaptation with Supraannular Plication of the Posterior Annulus -A Newly Designed Strip for Posterior Annular Plication-Introduction
The final step of basic mitral valve repair is the placement of an annuloplasty ring. 1) Most surgeons agree that placement of a ring can preserve the physiological saddle conformation during ventricular systole.
2) However, because typical rings, particularly rigid rings, fix the physiologic annulus on the same plane in order to reduce the annular opening, they may disturb the physiological annular motion during ventricular systole.
3) Thus, partial flexible rings were constructed to more closely mimic physiologic annular movement. However, in doing so, these rings reduced the vertical and transverse dimensions of the mitral annulus because both ends are fixed to the trigones, although the anterior annulus is partially spared. As such, the circumferential annular reduction on the same plane does not always produce satisfactory coaptation without remnant regurgitation. 3) A new annuloplasty strip, the Mitra-Lift strip (ScienCity, Inc., Seoul, ROK), was designed to push the posterior annulus forward against the anterior leaflet, and lift the annulus to the level of the atrial wall at which the strip is attached. The strip is placed on the atrial wall 5.0 mm above the posterior annulus, reducing the posterior annular circumference and sparing the anterior annulus and both commissures. This study details the surgical efficacy of the Mitra-Lift strip in patients undergoing mitral valve repair for mitral regurgitation (MR) caused by degenerative, ischemic, rheumatic, or myeloproliferative disease.
Materials and Methods
Between June 2009 and March 2011, 30 consecutive patients (male, 14; mean age, 59.0 ± 13.1 yr) who had moderately severe to severe MR underwent mitral annuloplasty with the Mitra-Lift strip ( Fig. 1) after providing written informed consent ( Table 1) . The causes of MR were degenerative lesion in 22 patients (73.3%), rheumatic valve disease in three (10.0%), ischemic cardiac disease in three (10.0%), and myeloproliferative disease in two (6.7%). Prior to strip annuloplasty (SA), four patients (three patients with rheumatic valve disease and one with myeloproliferative disease) underwent commissurotomy and 14 patients underwent placement of artificial valve chords (4-0 or 5-0 polytetrafluoroethylene sutures). A posterior leaflet augmentation was performed in six patients (20.0 %) with tethered leaflets; three patients with rheumatic valve disease, one with ischemic disease, and two with myeloproliferative disease. Twenty-two patients (73.3%) required additional major cardiac procedures ( Table 2 ). All patients exhibited substantial MRs that were ≥3+, with those of 14 patients (46.7%) rated at 4+.
Surgical technique
All patients underwent surgery through a median sternotomy, except two patients with a limited right thoracotomy. Cardiopulmonary bypass (CPB) was established with one aortic or femoral arterial (for patients with limited This strip was used as a final step in mitral valve repair. right thoracotomy) cannula and two separate, direct vena cava cannulas under moderate hypothermia. After cardiac arrest with a cold blood cardioplegic solution, the mitral valve was exposed through a left atriotomy in the Sondergaard groove. Prior to SA, associated leaflet repair, chord repair and/or the Cox-Maze operation were performed ( Table 2 ). The strip size was then determined after measuring the distance between commissures. The appropriate strip was then placed on the supraannular portion of the posterior leaflet annulus between both commissures; neither the anterior annulus, commissures or trigones were involved ( Fig. 2) . Six braided 2-0 Dacron sutures were used to attach the strip to the supraannular portion ( Fig. 3A and 3B) . Patients with marked tethering of the posterior leaflet received a posterior leaflet augmentation prior to SA. For this, the posterior leaflet and the secondary chords were detached from the posterior annulus; a 3.0-mm leaflet margin remained intact at both commissures. An elliptical pericardial patch (15-mm wide) was sutured with continuous 4-0 or 5-0 polypropylene sutures to the detachment site for leaflet augmentation.
Characteristics of the Mitra-Lift strip
The strip is flat, 5.0-mm wide and has superior and inferior thick portions and a thin central portion. Lengthwise, it is flexible in the flat plane, and rigid in the vertical plane (Fig. 1) . The strip size (length) was selected, based on the patient's intercommissural dimension. The most common sizes were 53, 55, 58, or 61 mm for intercommissural dimensions of 30, 32, 34, or 36 mm, respectively.
After the strip was affixed to the supraannular arial wall, the inferior thick portion of the strip and the posterior annulus were more plicated compared with the superior thick portion. As a result, the posterior annulus and supraannular atrial wall were rolled up, the strip was laid down along the atrial endocardium, and the middle portion of the posterior annulus was pushed forward and elevated ( Fig. 3C and 3D) . This movement increases the coaptation area against the anterior leaflet. At the same time, both ends of the strip exert pressure on the commissures because of the vertically rigid character of the strip.
Echocardiographic measurements
Transthoracic echocardiography was performed at admission, on postoperative day 1, at discharge from the hospital, and thereafter at postoperative one month, three months, six months, and one year. Transesophageal echocardiography was performed at admission, prior to instituting CPB, and after valve repair (approximately one hour after separation from CPB). 4) During the study, the degree of MR was determined quantitatively using two-dimensional color Doppler flow imaging, by assessing the area of the regurgitant jet as a percentage of the 5) An insignificant scanty regurgitant jet was noted as 'trivial MR'. The mitral valve orifice area was assessed with the pressure half-time method. 6) In the parasternal short-axis view, the maximum and minimum intercommissural dimensions were measured during the cardiac cycle. Specially, while the valve was fully opened in the largest antero-posterior dimension, the transverse and septal-lateral dimensions of the valve orifice were measured. The coaptation depth, which was measured in the parasternal long-axis view, was defined as the shortest distance between the coaptation and the annular plane during isovolumic contraction.
All continuous variables were expressed as the mean ± standard deviation and were compared using nonparametric Mann-Whitney and Wilcoxon signed rank tests. Statistical tests were performed with SPSS for Windows, version 13.0 (SPSS Inc, Chicago, IL, USA). P ≤0.05 was considered significant.
Results
After separation from CPB in the operating room, all patients exhibited no or only trivial regurgitations as determined by transesophageal echocardiography. At discharge from the hospital, postoperative echocardiograms demonstrated no MR in 17 patients (56.7%) and only trivial MR in 13 patients (43.3%); none exhibited regurgitation of 1+ or greater ( Table 3) . During the follow-up period, none of the subjects showed recurrence or aggravation of MR. One of three ischemic MR patients required posterior leaflet augmentation in addition to SA, and the remaining two underwent SA only. The postoperative mitral valve orifice area and the mitral valve orifice index were 3.1 ± 0.6 cm 2 and 1.9 ± 0.5 cm 2 /M 2 , respectively, while the mean transvalvular pressure gradient was 3.0 ± 2.1 mmHg. All patients exhibited coaptation below the posterior annulus and the strip (Fig. 4A and 4B) . The mean leaflet coaptation depth at isovolumic contraction was 4.3 ± 1.3 mm ( Table 3) . During the cardiac cycle, the intercommissural dimensions showed considerable changes (maximum, 34.8 ± 3.4 mm vs. minimum, 28.2 ± 2.2 mm; P <0.0001) (Fig. 4C) . At the fully opened valve orifices (at the largest septal-lateral dimension), the ratio of the septal-lateral and the transverse dimensions was 58.8 ± 10.8 % ( Table 3) . Three ischemic MR patients undergoing SA revealed 3.5, 3.5, and 4.0 cm 2 in the mitral valve orifice area, and 5.0, 0, and 2.0 mmHg in the transvalvular pressure gradient, respectively. 
Discussion
The results of this study demonstrated that the combination of SA with other valve repair procedures, including new chord placement for a prolapsed leaflet segment, resulted in no regurgitation ≥1+ and no immediate or early repair failures.
The mean indexed mitral valve area (pressure halftime parameter) in patients with SA was in the normal range (normal value >1.53 cm 2 /m 2 ). 7, 8) The maximal and minimal intercommissural distances were also in the normal range (normal range, 16-23 mm/m 2 ).
9) The ratio between the septal-lateral dimension and the transverse dimension of the fully opened valve orifice was low as 58.8%, because the intercommissural dimensions were not reduced with SA.
The strip described here has a specific structure that is very different from typical partial and complete rings; in that it is flexible in the flat plane and rigid in the vertical direction. Therefore, when the strip is placed above the annulus, it lies partially along the atrial wall, and the posterior annulus, the supra-annular atrial wall and the strip are rolled up and pushed forward. These characteristics resulted in leaflet coaptation below the strip and posterior annulus. At the same time, because the strip prefers to be straight rather than curved due to its vertically rigid character, the middle portion of the annulus is pushed toward the anterior leaflet, and both commissures are pushed. Thus, for the characteristic function of the strip, two essential conditions are required; the posterior annulus and the atrial wall (5.0-7.0 mm wide) have to be stitched together, and the strip has to be flexible in the flat plane and rigid in the vertical plane.
In valves with SA, the intercommissural dimension was considerably changed during the cardiac cycle, which results in a dynamic motion of the anterior leaflet and commissures. For the fully opened valve, the ratio of septal-lateral and transverse dimensions was relatively low, 10) which results in a relatively large intercommissural dimension and a small septal-lateral dimension with SA. Nevertheless, the valve orifice area, the indexed valve area, and the transvalvular pressure gradient were within clinically normal ranges in all patients. Coaptation depth was produced by the lifted posterior annulus rather than due to leaflet tethering, and the depth value was insignificant.
11) This was also confirmed by the fact that our ischemic MR patients undergoing SA had a competent valve with no significant transvalvular pressure gradient.
The strip size (length) is similar to the typical flexible ctype rings; however, they are actually about 10.0 mm longer than the annuloplasty strip with respect to valve size because they are placed for both commissures and trigones. SA is not an annular remodeling technique but rather a method for improving leaflet coaptation. As the anterior leaflet, trigones, and commissural leaflet are not involved in SA, the anterior leaflet can have a sufficient intercommissural dimension for leaflet movement. Indeed, even after commissurotomy, SA did not produce regurgitation in the commissurotomy corners, where there are few chords.
The mitral annular hinge, which is placed near commissures, is an important, dynamic portion that has to be preserved during valve repair.
3) If hinge motion is not preserved after placement of a ring, neither the septal-lateral dimension or total area decreases during systole, and leaflet coaptation is disturbed. Thus, the concept of SA removes the need for typical remodeling annuloplasty, thereby reducing both intercommissural and septal-lateral dimensions for obtaining satisfactory valve coaptation. Reduction of the intercommissural dimension may not be necessary to improve coaptation of two mitral leaflets and prevent annular re-dilatation. Therefore, we suggest that SA, which does not involve the anterior mitral annulus or commissures, is a useful procedure for reducing annular circumference and for improving leaflet coaptation for MR, even after mitral commissurotomy with subsequent absence of commissural chords. 
